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This document provides information about careers in 
cultural sciences, the biological sciences, ^chemistry, 
and conservation, geology and geophysics, meteorology, and 
The information, presented in separate sections for each of 
sciplines, includes: (1) nature of the work performed by 
ts in^.the discipline(s) ; (2) working conditions; (3) 
nt; (4) training, other qualifications, and advancement 
ities; (5) job outlook; (6) earnings; (7) related 
ons; and (8) sources of additional information. (JN) 
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AgricuItM r al Scientists 
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Nature »r the Work 

fla* vvork dime by agncuhutal'MrtcnfiHts has 
pi4>cU m impiMiant pan in maka ^ j^ A ntcrKitn 

\¥i^crs in the wtniii Agncuilurat sc^ifiskb 
*iwty tarm cwp* and aninuii^ ami devek^ 
«it inipniving tl^ir qu;mttty and 4|uality. They 
kutk Un ways to incnrase yicldi^ with fo%s Imhoi, 
cimtntl pests and weeds motv cfTccti\iely. ami 
t'lHiscne mhI and witter. Agricultural vckmcc is 
closely nrlatcd to bioUigHrai scm;ikc in that hoCh 
tnvttlve the study of Jiving of|»anisms; agri- 
cuitural scientists ttkrn ^tpiy this kmvwfedge to 
Milving (tr;&itc;d pn^mi^ in agriculture. 

Ahi>ol 4() pcrcet^ all agricutlimil scknti!^ 
manage or ;dministcr nrscwvh and ikvck^ 
mcnt (mijcctv nuark^ing or fmidiKnion c^^- 
^iims in cmnpantes that iHnduce agritruhural 
cKcmii^s i>r niawhmcry. About 20 pcnxnt da^ 
research and ikvehifmient . Some j^iml most nf 
tiwir nme in tahoratorks. but some in nrscareh 
and development spend much i>t (heir tin^ 
working with plants and animals In ihc held 
S*Hne agricultural scientists teach in co]lege2i 
and universities and otl^Ts wmk as ctuisultants 

business timivor to government. 



*Agricuhural sckntists uMialty ^pecialixe in 
one of the following areas. Af^rfmomixis 
(D.O.T 040,061^10) are cifmremed mih tt^ 
gnmth and im|mivcfnent erf field cn^. Tfey 
imim>ve itK qu^ity and yiekl of cf^ such a^ 
cfHii. wNr^. ami cotton by devek^ng rarw 
gniwth metlKxls or by ccHKrotltng dtseat^e^, 
pei4&, and weeds. Sc^nc agrommihits may spe- 
cialiTie in a pvticuiac crop cwp fmAy^m. 

Animil %cienhSix (D.O.T. 040.061-014) Ai 
ie?ie«ch on the broedtng. feeding, and d«^ases 
vS ikNTCstic fmm animals. 

iJaify iH^ifsis tD.O. r. 04O.06MMM) and 
hmlny xt iemists CD.O. T. 040.061-042) c^m- 
ihjct ref^aich on the tmreding, fecdmg, ^ikI 
;aaiu^:enH»tf of liatry citft^ and poultry. 

Honkutmhsts (D.QT. 040.061^38) wmk 
with orchard and garden plants smrh as fruit and 
nut fives, veg^ables. md Aowlts. They seek to 
improve plant cuituie m^hods fi^ ihc be^- 
titic^ion of cimununtt^. home^. parks, and 
i?thcr aivas as well as for increasing crop quality 
and yields. t»7<^ 
• Soil saemisis tD.O.T. 040.061-058) study 
soil diiur»:^stks, wxip soiUypes. ami dete^ 
mim the best types <rf cn^ for each soil. 1^ 
sttuiy d» responses of various types soils lo 
fertilizers, tillage practices, ch>p i^m^kin, and 
other actions which afTcct the soil. 

Ammil breedkn (D.QT 041.061^14) and 
pIdntbfrtdcrsiDm mXXibS mi) develop 
systems of brewing to develt^ and impmve 
desiraMe charae^slkrs of animals ami plat^. 
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Agncuiturai sc^ftsts aosurtine a naiMy tfmrtoped M^My of offjtnmi 
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ApkMltHftsty (D OT 04r06rOIK) study 
the cuttuie and hanging *rf bees. 

WtirMiig Coaditliim. 

Agricuiniral scienli^s generally wt^ irpular 
iKHirs in *ifhccs, libiiritftHies, %n classrooms. 
Some agricultural siiemtsts spend much fioK^ 
out^f^i^ conducts g reseaah i&xvns i)r agn- 
cuhural research statn^s 

Agricuhural schists held ahiHit 22.C>^M) jt^ 
in IW2 In addit^^, 4»vrr I S.OiMI pefMms heM 
'agricultural sc^c faculty posittons in col- 
teges ami universities in 1982 (5ee the state- 
ment on irollege and university faculty 
elsewhef^in tlw: HumltnHfk.) 

Aln^ Imlf of all agricuinirai scw?ntists work 
for Federal, Stale, w Uxral gtncmmcnts. Al- 
nK>sl 3,000 worked fw Hie FectanalGtivcniment 
in 1982, mostly in the Pajwoneht of Agri- 
culture. Large numbers worked for Sl?te gu?- 
emments m St«e agrktiltural alleges or 
cultural research stations. Almost 10 percei^ of 
all agricultural scientists wwk for agricuhmal 
service ctMi^nies; otl«rrs work few fertilizer 
companies, seed c^Hnpanies, ami wholesale 
disiributton ctMnpanies - Over 2,(K)0 agri^ 
cultural scientist were seM-empkiycd in 1982, 
rmiinly as consultants. 

TVahiiiig, Other Qualificatii^^. ami 

Training iei]uiren^nts for agricultural sctentisis 
ckrpciKi cm die specialty and tNr type oi work 
perfcHHied. A Phi^ itegrce in an agrknilturai 
science specially is usually rei]uifed for colkge 
te^hing. iqtkpendent research, and fcfr ad- 
vamrcmetit to many administrati*'e and man- 
agement ji*s. A master s degnx is sufhckmt 
for Mnm: jobs in applied rescanrh The bach- 
elors degree is adequate preparatttni for some 
jcA^ in sales, inspection, and other qjimreseaah 
ar^as. b^^t. in siwic cases. (mmiotHHis may be 
lin«)ted for Huise who hokl mi hi{^ degree. 
Those who IwHd 4kga*es m related sciciKi:s 
such as biokigy. chemistry, in (4iystcs ais^may 
enter some agrkuiturat scietKc jirt>s. 

All litres have at least imc land-grant colkge 
which offers agncuhurai science curriculums. 
Many t^her colleges aruJ universities alM» irffer 
sonw kiiHl of agricultural science ccnirses. 
Since sonw schiHils may trffer all spe- • 
cialties, stiuienis shtn^'d inve^ig;tfe carefully 
the cmirse irfTerings *4 thrf schsKih they 'are 
CiHisidering. Requircfiicnis Un advanced 
grees usually :nclude fHrldwin-k arul labcH^iwy 
research as well as classn>*Tm studwrs arnl pnepa- 
tatitm of a thesis based ou mdcfKriHlenl re- 
seareh. 

X^uhural scicnti: ts sh» >uld K: able to ^tnk 
itMfepemkntly or as part j team and nuist be 
a*lc to c-timmunicafc theif fia) rigs clearly arnl 
cmicisely. bi«h wally ami ia i^rupii: 

Agricultural scientists v ^o ^ave adv^iKcd 
(kgrees usually begin in research or teaching 
With experience, the; nus advamv to 
jcrfis such as supers iM^rs of rrsi-arv^ r^ovum' 

Job Outlook 

Employrr^nt of agricu'tural scirntists is ex- 
pec??d t<> gnm incmr slow iy than the a\c< age lt»r 
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all (H;LurHttiuit> ituou^h the iinU \^^)\ Many 
apnculliiral sctcn!t>is v^ork tor fviU'ral, Suite, 
«« Uval gttvciniiwiUs \^Uav Imic cinpluvim'nl 
l>ruwth tNt*\|xvtcJ (.niploxnunti't a^'ncultural 
sciciHiNlN invohv'd in icwarkh nia\ grow 
rapiUK in ptiNatv :!kKi>tr> as aUvaiwcs such as 
rccomhtnani IfNA mm Kmii^' maJc in bio 
!cchnolog> aic appticJ ai:niUlturc In au%!: 
mm U» ansini* troni growth in vicniahJ Un 
agrwutturai N4:ictaisls. |ui> openings utlt i^cui 
as agrK'ultiiral scientists transfer to t'tfher ik 
e«pjrtKm\, nMifc. or iIh* 

l.nipio\nieni i»pp\H!unines in agneultural 
seieiKc are C ipceted fo K* K'tter lor those VMlh 
advaneed degrees Houvver, ^. bachelor > de- 
gree in agneultural S4.'ienee is usef ul loi iveupa 
ti'vns sueh as farmer or tann man4uct, e(Hipcr- 
ative eMensioii serMwe \^orker. technician, un- 
seed 4»r teruli/er cnnipanv sales representative. 
IVfsnns with Agrees iir agneultural science 
also ysork lor businesses that ileal >Mth fanners 
such as banks and tann equipment manuf.ic- 
turers 

( • 

KarniiiK!i 

AcLH)rd»ng io the College Plaeenicni Council. 
U-gmning salarv t»fferN tor agncultuial scien 
fists with the bachelors degree averaged 
Slb.7tKI;i year in IW2. 
• In the f-ederal CJovemment in earlv I9H3.# 
agnculfUral scientists w iih a hacheU>r\ degree 
could start at of a year, de- 

pending on their cijUege records Those having 
the master s degree etnild sian at $I6.55M or 
$2t),2f»6, depending on their itcademic records 
or work cxpenenee: and those having the PhJ), 
degree could begin at %2^.S\H or a 
\ear Agricultural scientists in the FederaUiov 
ernnient averaged aKnit $28, (MH) a year in 
NH2 

Related Ociupation^ 

The work of agricultural scientists is cli»sel\ 
related \o that <»! biologists as well as to other 
natural scientists such as chemiNts and [ih>s 
icisis it IS als{» related to agricultural prx^duc 
turn ^lecupaliops such as farmer and tann man 
ag« r and to cooperative cxteiisjon service 
wtukers as well as to ttnvster . and conservation 
S4,ientisis Certain spi-cialties of agricultural 
Silence are also related to tether ivcup,itions. 
h>r example, aninu! scientists aie related to 
vetennanans. horticulturists to landscapi* ar 
chitects. and soi! scientists to soil con 
senatumisr^ 

Source vf Additinnai information 

Information on i.arecis in agnwultural scicikc is 
available from 

Hi|!hcr l.ducafMm l*T4*jkT,i!n»*. A^TUultutjl kisijith 

tMrdlion Huililifi^*. i4ifi Si 4nd Inik-pt'iidc^-r Ave 
SW . Wrtsliin|»h»n/l)C :n?Mi 

American S<kici> *»! A^itunntns s Sc^\k kd . 
MaUivm. Wj> SV?!! 

C'f4>pSwienkt: Stn kMs Anjcriv**. S Sfg*K' Kd . 
Madison. Wis 



lor intonnation nn careers m horti#iltura! 
sLience. simkI a ^tamped, self a^UltesscMTenve 
lope fo. 

\nicfu.jn V»vict> lui Ifof hcultttial Svictue. "?tn 
NijfUi Saim Asjph St , AkAandria, \a 22>I4 

IniormatiiUi ou Feileral job opp^^rtunities is 
available from hH.al offices of .State empUn- 
mem service^ ami the i'.S <>thce of Personnel 
Management or tn>m FedcralJob Intormativni 
Centers located' m \anoU!» laigC cltle^ 
ihriHighout the ct)untry 



Si»il ScicHvC Sin.iel> o\ Anicfk J. t^J'l S Segjv Rd . 
*^*4diMm. Wis SM]\ 
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Nature rf the Wwk 

Biological scientists study all aspects of living 
organisms and the relationship of animals anJ 
plants to their environiiK-nt Although many 
speciah/e in sonK aa-a sueh as tirnnhologv Mhe 
sfud\ of biixls) tir inicrobioli»gy uhe smd> of 
micr.>seopic organisms k all have m common 
the studv oi life * 

Many biological scientists are pnmatilv in 
volved in research and development Some 
conduct basic icMraah to increase knowledge 
ot livim! organisms. Others in applied research 
use this "Vmm ledge in activities such as de- 
veUiping nc^ medicines, incrcasrng crop 
yields, and iniprovmi: the environnK'nt Those 
vMvkmg in laboratories must be tanuliar with 
research techniques and the use oi laKuatorv 
equipment and cinnputers Not all research. 
ho\^ever. is perfornKHl m I ibtuatories h>r ex 
ample, a b*nanist nuy dii research m the vol 
canic valleys of Alaska to see \shat plants gro\^ 
there 

Other biological .cier.tisis v%v)rk in maiuige- 
nient or adminisiration. for example plann: ig 
and administering programs tor testing ii^ni^ 
and drugs and direeting activities at Anis or, 
botanical gardens. Some v^ork as consultants t<i 
business jimis or to government, while <»fheis 
lest and inspect liXKis, drugs, and i^hei pn\\ 
ULisor write for technical publicatitms (Seethe 
statement on teehnical unters elsewhere in the 
HtmJhfok.) Some work in techi.ieal sales and 
service jobs for companies manufacturrng 
chemicals or other technical p^^Jucts. (See the 
statements on manufactua'rs' sales rer^^sen 
falives and wholesale.* trade sales workers 
elsewhea* in the HundlHu L ) 

Most biological sc ientists whi* ctmie under 
the broad category of hioUt\*f\t (D C) I 
cut (161 OM)! are further classified by the type 
of organism they fllidy ox by the spccihc ac 
tivity the> jx'rtonn 

Anutomsts (D CX I 041 (Kil (HO) stu y and 
examine the structure of organisms. 1rtmi cell 
stmcture to the formation of tissues and organs 
Many speciah/e m human analnmv Research 
methods may email dissections nr the use of 
electron miemseopes. 

Houmrts (D.CXr ()41 (161 ()3Ki dial pri 
manly with plants and their environment 
SiinK study all aspects i\\ plant life, while oth- 
ers specialt/e in areas sueh as ideniilieaiuin and 




Btoiogicdi scientists study living organisms and 
tite processes > 

classification of plant>. 4he structure and lune 
tu»n *>f various plant parts, and the causes and 
cufvs (»f plaKt diseases 

Lmhr\t»li*fiiyf\ stuth the development t>l an 
animal from a fertili/ed egg through the hatch- 
ing prtK'ess nr birth, ami the causes of healthy 
and abnormal developuKiu 

Murohioloj^tyts (DO ! (Ml (Kif O.^Kl in 
vestigate the growth and characteristies im 
croscopic organisms such as bacteria, viruses, 
and molds StnlH ul muuilnoln^^tMs studs the 
rekituinship between bacteria and disease or the 
effect of antibuKics on bacteria Other micro 
bioU^gisfs spcciali/e in soil bacnenc^logs (the 
eftAt of micriHirgamsms jin siul fertilitv I, viro 
li^gy (viruses), or immunologs 'mechanisms 
that hght infections) 

rhiirm(Holo$!iMMU () I (Ml .(>6l •(>74rand 
!vxnt>loi,fts(s conduct test* on animals such as 
rats. guirK'apigs. and monkess to determine the 
effects iii drugs, gases, p'lisons. dusts, and 
other substances on the functioning of tissues 
and organs Phar latologisls mas develop new 
Of jmprnvcd drugs and iiK'dicines 

Phwioloiiisis (l).O 1 (Ml (K>l (I7K) study 
life functions of plants and animals under nor- 
nial and abnormal conditions Fhysmlogists 
may speeiali/e in functions such as growth, 
reprmiuctuin. photiisvn(he'»is. respiration, or 
nuivemenf. oi m the phvsiology of a certain 
area or system of (he hnnls 

/m>/^^e^wMD <) « (Ml (Kil ()</()) study van 
ous aspects o\ animals their tmgin. behavior, 
diseases, and lile priKesscs Some e>^periment 
with live animals in ctmtrolled or natural sur- 
roundings while i^hers dissect dead animals to 
studv their stiucture 7iHiIogists are usually 
identified bs the animal gioyp studied iir 
niihologists ( birds i.^ entomologists i insects j. 
mammatogists linammalsK herpetiilogists 
(reptiles), i^nd ichthyologists (fish) 

Some nu>ii>gical scienfHlsapplv their knowl- 
edge acfiiss a numK'r o\ areas and mav be 
classified bv the f Nnctions |K-rformed /u ^'/f'- 
ei^/A for example, studv the relationship 
twven organisms and their environments and 
the effects of influences such as pollutants. 



lainfail. tcinpcratuft*. ami aUitiutc on organ- 
isms hn example. ecologislN examine 
piankliin uiifcn>sc(»pK water plants and am- 

als) ami tnCasurv the raUtiiavtive vinucm irf 
*.^h to detennine (he cffecls pcillutum 

A^rn ulfurut Si itntnts', who m»y also be 
etassifieU as hu^liigical scientists, arc jncluckrd 
in a separate sfatentent eiscv^here in the Hami- 

Working ( ondttiom 

Btolugieai scientists generally v^urk tegular 
hgurs in uthccs. laburatones. or classnHims 
and usually an: n4it expiised to unsafe i>r un 
heaJthy conditions. Soine biological scientists 
*»uch as biHanisis, ecologists, ami Axilogists 
niay take held Inps v^hich involve strenuous 
l^ystcai iiS^iWy and pfiniitiNv living ccmdi 
tif»ns. 

Kmptoyment 

Biological siicntHiN held aN)U! 52.0IK) jobs in 
In addition, an alnmst equal number of 
|iersons held hiologj t;M:uhy ptisiliiiiTs in col- 
leges and universities See the staienKnt on 
college and univetsHy faculty elseuhere in the 

Ab«>ut l4,tKM> biologftal scientists woriced 
hirthe Ivderal Cio\"emfmrnl in 1982 Ovvrone s 
quarter >\,orked lor the IX'paftnient i»f Agri 
cultua-, and about tine lifth Mnrkcdiior the Na 
tional Institutes of Health l-arge number v> 
were employed by the IX^partment the 
nor and the IX'lense IX:partment State and 
liKal gi>scrnhK-nls ctinibined enipltAvd aK»ut 

Over I2.(KH^ \^orked in pruate industry, 
mostl\ is t*!e|ihanii;!tt:eutical. chemical, fotni. 
and agricultural vrvtces industries in 1*^X2 
Abiiut 4J)y<f \fci»rked tor mmprohi rescaah 4ir- 
gani/ations and fouiidalums. a few were self- 
enipkned 

1>aining« Other QualificationH/and 
AdvaiMrement 

The Ri D dega-c generally is aquia^d tor col 
lege teaching, indt-pendcnt research, and for 
advancement to administrative Research p«isj 
tions and iHher management jobs A masters 
degree is sufficient. f4>r s<mK» jobs in applied 
research The bachelor's degree is adequate 
pnrparaiion Un some beginning fobs, but pro- 
mof ion> of ten are limited tor those w ho hi)id f\o 
higher dcgav New graduate* with a bachelor\ 
degree can start their careers in testing and 
inspecting jobs, t)r bcconK technical sales and 
serMce representatives. I hey also can become 
senuir biolog> technicians, medical laKnatorf 
lechnoliigisCs ami technicians or, with courses 
m educatum. high school biology teachers 
iSee the sfaleincni on'secondary schiHJl teach 
ers elsewhea* m the HamihfMfk.) Many with a 
b;H:helors degree in bu^l^gV enter nwdical. den 
fal. veterinary, or otner health profession 
sch<Kils. Sonw enter a w idc range ol «>ccuaf ions 
with little or no connection tn biology. 

M<^t colleges and universities i^fer bach 
tlofs degrees in bioh>gical science and many, 
advanced degrees Cumculums for advanced 
degrees m biological scurnce often emphasize a 
particular area of bitilogical science such as 
microbiologv or botany, Not all universitKrs 



offer all curriculums: Requirements for ad- 
vanced degrees usually include tieldwork and 
labviratory researcf as well as classroom studies 
andpa*parmii>nof athesis Biological scientists 
wlfo hav¥ advanced degases usually begin in 
a*search ik te^hing jobs. With experience, 
ttur>^ may advaiKC to ji>b* such as bupirn istip* of 
rcseaai^ fWograms 

Patspecitve btotogiea! scientists should be 
able tt) work inJcpendeniTy tn* as pari ol a team 
and must be able fo communicate their hndings 
clearly ;«nd ctmcise}y. biHh ttrally and in writ- 
ing Biological scientists conducting held rc- 
\earch in remote areas nllisi have physical 
stamina. 

Job OutkxA , 

bmpfojincm of biological scientists is expected 
to incrcaM? faster than the average for all ik- 
cupations thn)ugh the mid- ! W() s due to accent 
advances in genetic a*search that shiuild rcsult 
in new 4iugs, impam'd plants, ami medical 
discov^es. Advances in biological technology 
should result in many additional a^scaah jobs 
for jbiokfgfcal scientists in private industry; ad-^ 
ditional jobs'aa' Irkely to be created by the 
productii>n. b^ biological mcthtxls. of (mnlucts. 
which aa pasentiv produced by chemical or 
other methiHls tttorts to paser>c the envmw- 
mcnt shtHild also asult m additional employ 
iiKnt (^portunities. In addition to jobs arising 
from gn)wth in denand for biological scien- 
tists, j;* openings w ill <Kcur a^omc biolog- 
ital scientists transfer to other ivcuplions, a- 
tire. or die. 

Employment oppi>rtunitics for biological 
scientists arc expected to be better for those 
With advanced degrees since nM>st new fobs will 
be a?^earch oriented, hirthemwre, the empUiy 
nKnt outliHik will vary by specialty. *I*hose who 
have the ability to d^i research in «aas related ii» 
the genetic, cellular, and bicKhemical areas of 
• biology should cxpcrjence better employnwnt 
oppt^rtunities than those in other specialties 
Howrvcr. many persiws with a haihelors de 
ga-c in biological science find jobs $n tvcupa 
tions such as science or engineering technicians 
\n medical laboratory technologists Some be- 
co^ic high schtHil biology teachers Htiwwer, 
they aa* usually agardcd as teacfwrs ratturr than 
biologists. iSee the statcmeni on secondary 
schwl teactKrs elsew]iea in the Handhoffk.) 
Others enter a wide range of iK.-cupalions with 
little or no conneiiuin to biology 

Biological scientists raaly h>se their fobs 
during a*vcssi«ins, since mosf are employed on 
long term ascarch pnij»'cts or in agriculture, 
iH'tivities which are ntH much affected by eco- 
m>mi** fluctuations 

Famines 

According to the College Pla^enurnt C*<»uncil, 
beginning salary offers in private industry in 
1982 averaged SihJOO a year for bachelor s 
dega*e rciipienls ami SI 7. (XXI a year for mas- 
ters degree acipients n biological science 

In tlK* Federal (it>vcmment in c;>rly IM83. 
biological scientists having a bachelor *s degree 
could begin at SI 3,-^69 o Slb..S59 a year, de 
pending ihi their college records Those having 
the master's degree could start at Slb,^5M or 
$20,2Sb, depending on their academic records 



or wiwk experience: th^i^^c having the Ph D. 
degree could begin at 524.5118 or $2M.374 a 
year Biological scientists in the Federal Gov- 
ernment averaged $3I,.M(X) n year in 1982 

Rriated Occupatinns 

Many iKX'upatums arc related in simie way to 
biological scientists since they deal with Jiving 
organisms. The A include the conservation oc- 
cupations of foresters, forestry technicians, 
range /nanangers. and ^>i! conservationists, as 
well as agncultural scientists « biiKhemists. soi! 
scientists, oeeanographcrs, and life scuncC 
technicians The w ide array of health occupa- 
tions arc all aiated to th4>se in the biological 
wieiKCs. as aa iKcupations dealing with rais- 
ing pkinis and animals such as farmcrN and farm * 
wivrkcrs, florists, and nursery W4>rkers. 

Sources of Additional Information 

Cknenil informatum on eaa*ers in biological 
science « available from; 

AmcrKan institute o\ BiolijgKal Sciences 1401 
Wilvm BiHilevarU. Arhn^'um. Vj 222<N 

Aniencan PhysM»logKal .Vkiciv. liitucaiion OIlKvr, 
%5<> RiKkvilIe Pike, BethcsUa, Md 20814 
t>r Cam! C Baskin, S -ca-iary. Butanital Siicicjy 
Ameriea. Scboiil Biolugical SiScrKCN, I'fiivvrsiiy 
ut KemiK'ky. U-ion^um, K> 40M)fi 

American SikicIv «»f /^niU^giMs. PU B«n 27^M. 
C ^htomiu l.ucheran ( olkgc. fliousanJ Oaks. C iihl 

h>r infiiniiation on careers in honicultural 
science send a stamped, self-addassed envel 
ope to 

American Sr km> Horiicuimfal Science, 701 
North Saini Asaph Si . Alcxamlrra. Va 22314 

Inftmnation on f ederal job opportunities is 
avi< liable frt>m IikmI offices of State emp'oj- 
mc.1t services and the U S Office of Bcrsiinnel 
^ tanagemenl or-fronl l ederal Job Information 
^.'enters Uicaled in \arious large cities 
ihrtHi^hiHit the ctiuntry. 



Chemist s 
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Nature ctf the Worli 

The clothes we wear, the fm^ds we cat. the 
houses in which we live m fact, miisi things 
that help make our lives better, fiom medical 
caa lo a cicaiici eiiv m»nmenl- result, m part, 
from the work done b\ chemists. 

Chemists search'for and put to pr;Ktical use 
new know/Iedge abt)ut substances llicir a- 
scarch has resulted in the develtipmenl i»t a 
tremend<)us variety of syntheiic materials. >uch 
as nyli*n and polyester fabric and priKcsse** 
which help save energy and adduce pollution, 
such as improved oi! afining nK'thcxls. Re- 
sear^: on the clicnns. y of living ihings 
prijvides the basis for advances in iwdicine, 
agriculture, and nther areas 

Over b(> percent of all chemists wi^rk in re- 
search and dcvelopmch. In basic research. 



« 



chcmiMs invcMji^atc tte pn>pettk*i^. composi- 
tion, ami >!nKiua' \i tnMct and the Utws that 
gttvcnt Ihe kHMiihin;iflKHi iil clcmcms imh^ ftttc- 
t«Hiii i4 Mibsunco. In ^f^ied rcscaavh mi 
" dcvt:k)fNiicnt. thpy cfwac new fnxnlucts w ira~ 
jpTdVc cxiMing om:>.,trftcfl uiiing. knonv ledge 
gained frwn haMv ncucarch. c%iiii4>!c. syn- 
thetic niWwr mul plastics twive resuRcd fnim 
rescmii small mtikxufcs uniting to fi^rm 
larg^ i^es ({KilymArh/iitton). 

The cfwe%s kH devekipit^ a |midi|H:t beginsi 
with descfi|:^4^ ttf tte diaraclensf to it sh(^ 
have. If simil^tf pnH^> exist, rhcm/i^s test 
sannries determine tteir iiigicd^ms'. if mi 
• such pniAict cuiMs. chemists experiment with 
variiHis Mibstanccv t») develop a jmxhict whh 
thejequiitd specttk^itms. 

About HI percent CK ait chemists woft in 
pnHiuctiun and inspectiim. In pnodiaiion, 
chemists pirpate instm^^ions (batch sheets) fcs- 
plant woflcrs thitf specify tlie kind and amouat 
ill ingttrdii^ks to use ami the exact mixii^ time 
for each J^agb in the f^tKCss or mcmtair 
mo^ fWvcsscN tt» cf^urc pn^f produc%yieW 
and quality. At e;K:h su:p. samples are tested for 
qudity aminil to meet industry smd giwem- 
mem standards Chemists keep iwinrds and 
J pfvpiiiv n?pi»rts shim ing results kH tests Caters 
^tMi as marketing or sales representatives 
^ wtKne they sell and pnnide tcchntcaJ informa- 
licHi on chemical pfX)d(Kt|. 

Ck^miMs ottcn specialise in a subftcld irf 
chemistry. AmhtUal t hemisn determine the 
structure. ciimpositiiHi. and nature iif sub- 
stances, and develop new analytical tech 
nti|ues. An outstanding example of tin: ca- 
pabilities of this spccii'fty was the analysis of 
niiun nicks h> an intemtf iimal team ttf ana- 
' . lytical chemists Buh htmists study the chemi- 
cal ctmiposittiHi ill living things. TJiey try to 
undcrstafid the complex chemical ciwibireuions 
and reactiofts involved in reproduction, 
gnmih. and heanlity Kcvvnt advances m bi<»- 
chemiNtry have resulted in the discovery iif 
many ii the mechanisms trf rcpnxlmiiim and 
hea*dity. im. lading h^m to splice ^'mrs (a tech 
nique called ire*tmbinani DN A ). These discov- 
eries will pnihuhly lead U> major inlvances in 
mcdii.tne and lo the dewlopnwnt of new fmxl 
iHits and produciMMi proees?^'s Ori^tmu ihem- 
iMs study the chentisfry <tl cartnm compounds 
WlHrn ciimbined ^ilh c«hcr elenients. caiixm 
forms a vast number ol substimces. Many ukhJ-, 
dm commercial {mnlucts. including drugs, 
plastics, and ifther syni}h:tic!i. have resulted 
from the wi>rk ot organic chemists. IrUff^anU 
i hrmtsh study compmtnds either than carbon. 
Tlwy may. lor example, devekip materials for 
electronic comfNinenls. Hhysiral ihemisfs 
study the physical charactcri.stics i4 atimis and 
nnilecuies ami invcsOg;tfc him cl^mical reac- 
tions work . I his research may result in new and 
better energy miuiccs. 

Working Conditiom * 

« Chemisls usually work agular hcnirs in of fices 
and laKwatim's. .Si mK aa* exposed lii health w 
safety hazards when handling certain chcmi- 
caN. but thca- is little nsk if proper procedures 
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Chm^ w«i a t)ac*>ekrt ctogiM Olten iPtos analyzir^ or testing products w asststtfig swiwr 



Chemists held abtnii KMAKMI fobs m IM« M 
nww4 two-thinJs t>f all chemists Hiiii ftw .man 
ufaeluring firms — ahnitiwiar-half these arc in 
tfu: wtemical manufacturing induNtr> : tlu: a^M 
aa* scattered thnHigtunu other manufacturing 
imiustries. Chemists also work for StJtc ami 
local gmvmments. primarily m hcahh ainf agn 
cuhure. and hw Fedeapl a^rtwies. chieflv the 
DcfHuiments IX^fenM:. Health atul Human 
RcMHirces. and Agncultuav Smaller numbers , 
work for rfonpa^it a^search orgam/alitms. *ln 
additi*w, abiHH !9,tK10 perMms hekl chemistrv 
facuhy positHins in ctillegcs aini universuies in 
I W2. (ik?e tlw statement i«i college and umvvr 
siiy f^-ulty elsewtftra' in the HimJhiHA.S 

Chemists arc employed in all parts the 
countrv; but fhcy are conccnir;rted m large in 
dustnal areas 

TVainiBK* Other QualifkHlions« and 

A b,^'lKrk>r N dega*e with a ma|t>r m cbcnnslr> 
in* a relived discipline is sufficient Uh inaii> 
K'gin^ingji^s as a chemist Himc\er. graduate 
training is re4|uia*d for nnist a'seaah jobs, and 
uKist colkrge le;«;hing jobs a-^uia* a Pb I> di' 
ga*e. Beginning chemisis shguld have a broad 
tm-k^nniml in chemistry, with gooil Iah»rator\ 
stills. 

Many colleges and universiiics iHJer a bach 
ekir's ik?gan: program in chemistrv. Abi>ut 55U 
are apjmm'd by the American Clwinical Siy 
ciety. In a^ilutn tt> required ciuirscs in ana 
lytHTal. imirganic. organic, and physical chcm 
istry. undergraduates usually stud\ mathc 
inatics, physics, and liberal arts. % 

Several hundred college and universities 
Avm^ ^vanced dega-cs in i neniislrv Cjr;ttiualc 



students generally :,peciali/c in a subfield 
yhemisfiy RequircnK'nts lor the master s and 
difCliH^ s dcgav usual!) mdudc a thesis based 
im independent a*scarch 

Siutknts planning caaxr* as chemists should 
cnH»> Mudying sviencc ami mathematics, and 
shiHild like Wivking ^»th their hands building 
M^ientific apparatus ,md performing eiLpen 
• iTKnts IVrseveraiKe ami the ability to concen- 
trate i>n ifctai! and to nink mdepende.itly arc 
essent^l <>fher assets imludc an mi|uisiii\e 
mind and imaginalKHi 

Graduates with the bAh^'lor s degree gem-r 
ally begin their caa-ers m goxermnent *k indus- 
II < by analyzing icsiing pnxlusis, \*orking in, 
technical s^ks *»r scr\Kc. 4»r assisting senior^ 
clKmists in a'search and dc\clopnK-nt labor of**-* 
nes Some ip entr> level p<»stoons are consid- 
ea-d c^emisis, others arc coi^^ukred senior 
chemical technicians I niplo>n?rs ma> have 
Iraming and onentalKMi programs nhich 
pfiivide spt-cial knowledge mvded ti»i the' em 
'ployei's i\pi: o\ unrk Camlidalcs t*H an ad 
vanccd degree oflci> Uawli <n di» a'search in 
colleges ;imiuniM*(si{tis \*hilc working lo^ard 
iheir degrees 

Beginninj*cheniis|s vMih Ov ouster > degree 
can usuall) tc*^h m a 2 >c;h ci»llege or gt» mio 
a}iplicd rcscaich iii g ncfimicnt *>r pri^afe in 
dusiiN I he f*h I) gcfK ratU is requited f^ir 
basic asearch. firi 4->var ctilk^gc fa*.ulh |>om 
tions, and ft>r advamcnieni !»> man> adniin 
istralive pctsiiums 

Nianj people uiin a Kiwhclor s degree in 
chemistrv aKo cnlci « ^^lile i.ingc 4if ivcupii 
lions Hith little or no voiimvti4>n to chvmistfN 
SonK- enter iiK'dual. JentaL \etennary. or 
i^hcr health pn^lessKm schmils 
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lob OuttfMik 

hnipkm«K-n( chetnisfs is c'.|Kvicd to gnm 
ahiHit ds fas! «i\ thi* ^ivi'tai*!: Un a!i iKXUfKtfHm> 
thniyieh fit- iiiij^^rs in a«Mtli<fii to 
aiiMng tnwi m 'TvaNcd demand h»r cl^miiMN, 
mtoy ifpcnifigs will tijMift cA:h >x*ar as cbcnuMs 
ffa&isti*r to other ttccup^R^N. a^ta*, m die 

The fii*ii*»fity j<* iipcning^ arc ci^pectc J to 
he in fwivitie industry, prtmanly in the dcvcU^ 
niem new pniduct^. In additkin, industnati 
eompanies will need more vhemim— es- 
paiidi)' biochemists- -to dti bi«ilLxhni>logy rc- 
sear^ ami to develop fmnhkis and pixidttctkm 
jmK'4 ses arising Inw this a^seaah. 

i jttle growth in the emfHoy nient %it' cturmis- 
fr\ t^uity in vollegcs ami univefMtk^s is ex- 
pected 

ClhrniiHirv graduates may become high 
sehiM*! teaclC*rs. However, the>' usually «v then 
a-gufiKrd as wience tc;ft:}^rs r^faer than ct^ni^ 
ist%. C Alters ma> 4)U;)lify as engineers, cs- 
|iccialiy If the> haw taken sinne c*HifM?s in 
engineering iSee st«aeiitentN on secondary 
schtiol teaclK^fs and engineers elsewhen; in the 

Acctnding to the C\)lke ^ lacentent C\HifKit. 
cNrmiMs with iIk' b^' ' s tkj^nx were nf- 
ierit'd starting salaries aver; ;'ng %2 1 .(XX) a year 
in 1982; those with the masters cfegrcc. 
S23,8CN); and tht^se with tin: Ph D.. $32.6(X). 

Accmding to the American CTicmical S<»- 
cKTty, salark*s of exfsenenced clurmists in 
vaie industry having a bachekn* s tkrga'e aver- 
aged S2^.im a year in for those with ^ 
master s tkgav, S33.tNXI; and for those with a 
PhJ> . S42.(Hin 

IX'pcnding on a perstm s college aximJ, the 
annual starting salary in ti^ federal (niveni- 
tneni m earty 1983 for an inexpenenced chem- 
ist With a bacheli>r's ;kgn:e was cither $13.16^ 
iw S 16.559 llH>se who had 2 years itI graduate 
study ciHild begin at S2t).25b a year. Chemists 
having tin: Ph. I) degree cimld staol at $24,508 
in S29,374. Ttu: average salary f^^ all chemists 
in the federal (iovernmcnt sn 1982 was 
$.?2.8(X>a year 

Rrfatfed Occ«iMtioits 

The work iff chemical engiiH.*crs, occupatkmaf 
safety, and hralth workers, agncuitural scien- 
tisis. hk^iogicaJ scientists, and ci^mHrai 'echni- 
ci^s is climrly a*li^ed tii ti^ work dt^iK by 
chemists. Many manufactuars' sales repti'Ncn^ 
talives and wholesak* lti»k sales workers in 
chemical marketing use a kmrwledge vi chem- 
istry in their work* as d4i many technical writ- 
ers. The work i^her physical aifd life science 
occupations may also be similar to th^ of 
chemists. 

}iourceiii cf AfMitiomil Infmniirtim 

(kneral r'formatum on career opportunita*s 
and earnings l4>r chemists is available fami; 

Aimwiin ClKTHival Siwiety. 1155 IMh Si NW . 
Washm^'um. I) C 2mMt 

infiirmatKm on caanrrs m bu^hemistry is 
availi^le tnim; 

Anierusin Sin^icts u< HHilogical C*hcmists. %50 
K.«.k\ilk- hlc. Hvthe%4Li, Mil 2IWI4 



Infom^Hm on Knkral ^tb <t{^Miunities is 
avail^ie frtmi kxra! ollices of State empk^ - 
nnritt servk-es and ttK? U.S. Otikv a* fVtsiwnel 
Manageawnt in fnnn Federal inftmfisiHm 
Centers Unatcd in various large cities 
dirimghiHit the c^ninu^y. 

\ 



Fwesters and' 
Conservationists 
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N^iire of ti^ 

Ritests and rangeiands serve a variety trf tKvds: 
Tl^ imnkte hitt>it«itfs for w ildUfe. scr^e as sites 
fiir tevtvirtiimal activities, and supply lumber, 
minerals, and water. Foresters and con- 
servittkmiMs numage. devekip. smd help fmmxi 
these and c^her natural a*MHiives 

hmesten p\mi and supervise ttK gnming, 
pitHectk>n, and harvesting i4 tives. Ilnry map 
forest areas, estimak* tin* annnint of statkling 
timber and future grmth. and manage timber 
salcf . Rirestcrs alsii (m»tcvt the tavs innn tiie. 
harmful insects, and disease. Stmu: knesters 
also {m^ect wikllife and manage watersheds; 
devi?lt^ and supervise chn^. i^rks. arnJ graz- 
ing IimkIs, aiHl di> neseaah. Foresters in exten^ 
sUm wiHk pnivide inkHmatum to forest owners 
aiKl to ttK gemrral fHibiU . 

Ran^v manu^ets. »lso called nmjt** i tm- 
sentiiumiMs, mniir ei olo^tsss, in rtm^^ u ien- 
n%t\, maiuge. imf^ne, ami pniCcH:t rangeiands 
to nmimi/e tlK*ir use withiHit damaging rlK* 
cnviaHinient. Kange(afuis citver trnw than I 
biiik^ acre«;'oi the United States, mostly in the 
Western States and Alaska. Tht^ cimtam many 
ii^ral resources: Cirass atul shrubs Un animal 
grazing, wildlife habitats, water Inmrvast wa- 
tersheds, ava*;aion f^kriiitics, and valuable 
minml ami crwrgy rcsmiavs. Rangeiands also 
serve as areas Un scienlilic study ol th: envinm- 
mcnt. Range manage iKip ratKhers attain k^- 
timum iivcstiKk [HAnhiction by ik*terminmg the 
number ami kird ol animals to graze, the graz- 
ing si;steni to use. and the best seasim kir graz- 
ing. At tlNT sann? tiuK. ht>wvver. they ;ry lo 
ciHiserve the mhI arnl vegetatuWi for i^hei uses 
such a^ wildlite habitats. iHifdoi^ aviealion. 
and timber 

Sifil i'4mH'r\utH firsts i^ivide technical assis- 
tance to fanwrs, ranchers, and withers ci»n- 
cenK*d with the ctmservatKm i4 soil. WiHcr, smd 
abated natural a*siHirces They dcvck>p jno- 
grams thi^ are ckMgned to get the imist produc- 
tive Use itf land ^itbmt damaging it Soil am- 
ser^^ionisfs d<i nK>st ot their wi^ m the fk?ld. 
Consci vatktnists visit areas with cntston puib- 
tems. tind the smirce i4 the pn»blcm.'and ik- 
vchyp a program to combat iIk* ertfsHHi. 

Foresters and conservatumisis irften spe- 
cialize in one area iif work, such as tinU^er 
management. outdi^H' rccre;rii<ni. or foorst eco- 
mimks. 

WcM^n; CcNiditkiiis 

Working conditions ftir loresiers and con- 
scrv^itmists varv i onstdcrabh. Ilieir image as 



S4>lit|fry hc^biKrk rHk*rs. singlehandedly ptx) 
tecting i^ge ;iffeas ol land tar Inmi civiliz^Hin 
m) iivnger IkiKIs itik* M«Hk:m foresters and ci^- 
servitf kmists speikl a gR*at tkal 4^4ime Wivrfcing 
with {vopk. TIktv ikal a>'ularly with land- 
owners, loggers, forestry technicians *and 
aiik*s. famtcrs, attd ranctKTs. 

The wtirk can still be physically denfat^ing. 
thiHigh Many fiKesfers and cimservs^kmists 
oficn \%ork initdm^ in all. kinds ol weMheh 
siHi^imes in letmitc aa'as. To ^ to tlun^ 
areas, tlh.^ um: airpiafK;s. helici^ers, ami four- 
wheel drive ^ehk'les. Fofvsters and con^ 
servatumists alscrmay wivrk kmg hours fighting 
fires Iff seaieh-and nrscue misskms. 

Hiresters and conscrvatHmsts held nearly 
3l,tXX) ji^ in 1^2 ANnit tHie half wiHicd 
fi>r Federal C^ivemiiKnt. (»-iinirily in the 
IVpartnHmt k4 Agrkulturc About ^>ne -fourth 
w^xked for St^e grnvrnments The remaiiKter 
wiVked in frivi^c industr>', mainly hn lumber. 
, paper, and logging cHtn^nies, and for kKal 
govemnKitts aiKl cimsulting fimis. A fc*w were 
self ctnpkned either as cimsuhants fiwest 
owners. 

Most Miii conservationists work for the 
Federal Ck»vemnient. mainly *with' the IX^kui- 
tneni of Agricultunr's ^Nlll CiHiserviUkm Setv- 
iiV 

AlthiHigh foresters and c«msi?rvationists 
W4irk in every St;«e. empli^nKmt is concen- 
trated in the Wesiern and S*nitheastem States 
whea' many natiimal ftHcsts and pa*ts arc lo- 
caunl aiKi w Nrre most of the lumber a^d pulp- 
Win>d f^cHlucing fba'sts are kvateii. Range 
managers work alnntst entirely in the Western 
St;aes whea* rangelaml is kK';ac*d. ^lil t^m- 
servatiiHtisis. on the other hand, i^vempki^ed 
in almost eveiy cininty in the cinirtry. 

UnriAteg^ Other Qturiific^V J^^ 
Adtwiemieflt / 



A hachck»r\ ikgree in fVm.*stry/ the mifimuim 
educational ref|uircn^nt for / atesnkmal ca- 
fvcfs in forci^. However, ^ ^ to keen job 




ciimptriiiion and the increasingly complex 
nolurc i>t the forester s wori, many enijfloyers 
preter graduates who hoUradvaneed deganjs 
Icrlatn Hibs such as tea\.'htng and research rc 
ijuirv advaticcd dcga'cs 

In I9H2, aUiut 5(1 colleges and uni\t:rsilies 
ottered bachelor *s ur higher degrees in timrstry; 
4} of these wvre accredited by the StKieiy of 
American Hiresters t'umculum*. stress the lib- 
eral arts and communications skills as utrll as 
tcvhnic ! tonrstry subieciv Courses in tonrst 
economics and busiiH?ss adf]iinis(ratiiHi supple-^ 
ment the student's scientil ic and ^technical 
Knowledge Many colleges aHfUia* students to 
spend one .summer in a field camp operated by 
the college All schtK^ls encourage summer 
jobs that give experience ii; forest or con- 
servation work. 

A bachelor s ilegree in range manaf cmcni or 
ran^e science is the usual minimum educational 
requirement tor range managers The Federal 
tiovemment requires at least 42 ^r> in plant, 
aVttmaL or soil sciences and natuhlf resources 
management courses, including at least 18 
hours in range management. Graduate degrees 
in range managenKrnt generally are requited fw 
teaching and researeh positions and may be 
helpful Un advancement i \ olhcr jiibs 

In I9H2, abiHil IH colleges and universities 
ottered degrees m range management or range 
science A number o! iHher schools crffered 
some courses in range management. Spc- 
cult/ed range management cinirses combine 
plant, animal, and sial sciences with principles 
ill eciiiogy and residua e management l>esir- 
able clectives include economics^ forestry, hy- 
drology* agronomy, wildlife, computer sci- 
eiKe. and recreation. 

Very few colleges and universities offer de- 
grees in soil conservation. Most soil con- 
servatumists have degrees in agnmomy, agrt- 
cuhural educutiiin. or general agriculture; a few 
have degrees in ablated fields such as wildlife 
biology, forestry, and range mana^em'nt. Pro- 
grams i>l study generally include M) semester 
hours tn natural resimrces or agricuhure. in- 
cluding at least 3 hours in stills 

In addition to nKcting the intellectu; ! de- 
mands of forestry and conservation wurk, for- 
esters and conservationists must enjoy working 
iHj(d*x>rs. be physically hardy, and be w illing to 
niove ^rftcn to rcmcHe^places They must also 
be abfe to work well w iih people and have giKhj 
communication skills 

Recent forestry and range management grad- 
gates usually work under the supervision of 
experienced ft>resiers or range managers After 
gaming experience, they may advance lo more 
resptnisible pt>sitions In the Federal Govern- 
ment, an experienced forester may sup**fvise an 
entire forest area, and m ly advance to regional 
forest superv isor xnio d top administrative posv 
mm In pnvaie mdustry. foresters start by learn- 
ing the practical and administrative aspects of 
the business Many foresters work thiyr -vay 
lo top managerial positions within their com 
panics. 

Soil conservaiKimsis usually iK!g>n workmg 
Within one count v and with cxpenciKe may 
advance to the area and Stale level. Also, soil 



ciMiservatiiHiists can transfer to related iKcufKi 
tions s jch as farm management advisors or land 
appraisers. 

Jub OutkHik 

Izmploymcnt of foresters and conservationists 
IS expected to grow^mtire slowly than the aver 
age for all iKcupalums through fhe mid- l*^)'s 
hnipki> nK'nt sfuiuld continue to grow faster in 
(Xivatc industry than tn Federal and State gov 
emments where budget limitations an; likely to 
restrain gniwth Mine fiwesters w ill be needed 
in private industry to ensure an increasing out 
put of forest pa>ducts Private tmners tim 
berland also are likely toemplov more fi>resters 
as they recognise the need li>r ^and the higher 
paifitabiltty irf — impa>ved fineMry and logging 
jWiKTtices. The gn||img demand for meat, w ild- 
life habitats, recrealitm, and water as well as 
continued envirunnKntal concerns shield stim- 
ulate the need for more range managers 
However, the employment of soil con- 
scrvatKmtsts is expected to change little thrmigh 
ih: mid- two's since tiK' Federal GiivemnKnl, 
the maji>r cmpli^er, is m>t expected to increase 
its employn^nt of soil conservatmnists Ik- 
sickf job q»entngs created by growth in em- 
plofyment, many foresters and conscnaiionists 
will be needed to replace t*htisc wh*i retire, 
transfer lo otNrr iKcufutions. or die 

Earnings 

Most gnnluates entering the Federal (nHcm- 
n^nt as fwesters, range manajters, or smi con- 
servationists in early 1983 with ju-.t a bachelor's 
degree stoned at $1 3,.W a year although th4)s^» 
with high grades or a master's degree could start 
at $16,559. In I9H2, the average Federal salarv 
for foresters was about $?7,9(|C): for range cor 
servationists, about $23,?tKl: and tor soil con 
serv^ionists, about $26,tKKl 

Reined Occu|ratkiii» 

Kirestcrs and ecmservationists ,ire mx the only 
woriters concerned with managing, develop- 
ing, and imitcctifig natur»! resources Oiher 
workers with similar respimsibilities include 
agneuttunti scientists, agricultural engineers, 
biological scientists, larnKrs. farm managers, 
ranchers, and wildlife managers 

Sources of Additional Informatiun 

CJeneral information about the lorcstrv proles 

sion and lists erf* schtnils 4»ttcnng i. diu,ituni in 

foresuy arc available fr«ini 

Society AmerKiin hircsief>. ^-JiH* ^>f4^^\clH»f 

Lane. Beihesda. Md :oHl4 

Anientan hia*siry AsmkmIihii I M*' \x\U Si NW 

WjishmgUm. DC :«MI^6 

Information abtiut a carc-^ ;is a ran>:c man 
ager as well as a list ot sch^mls oUcnnj.^ Oaming 
is available from 

*\Kiety tor Range Mjn4gcnicn! U ^ih Aw . 

Denvvr, Coio. Hmu 

h)r tnformatum aN»ut career oprHutuimics in 
the Federal GovemnK'nt. conlaw! 

Bureau iit l.aful Managcnaiil iKn^cf Scrvuc ( Vn 
icr Federal Ccnicr Hujldjnji f^n iK-n\ci i 
H0225 
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S IX'paiimcnivtl Agnwuhufc. loiiM Stf\av. IM) 
Hi»v :4n. Washinpum I) ( ^Am^ 
V S lX-p»iiUnem til .-\^'f k ullurt* . Vnl C o(i>cn.Uion 
Ser\uc. PO Hux 2H^l W»<>h»nv<«m. f>t 

I 

Geologists and 
Geophy sicists 



Nature trf the Work 

CiC(f|ogistsand getiphysicists Mudv the phvsical 
aspects and hisUiry o1 the c;»rih, I hey anah/e 
infomiation collected ihn>ugh seismic prnspec 
ting techniq' 's, which involve bouncing sound 
waves 4^1 deeply buried riwk layers: examine 
surface ivks and samples ot buried nKks n* 
covered oy drilling: and study mti^rmatum col 
tectal by satellites Tbx\ also identify txicks 
aiKl mineials, ctMiduct geological surveys, con 
strue< maps, and use instiainKnis such as the 
gravimctei and magnetometer lii ineasure tlK 
earth's gravity and magnetic field An iinpor 
lant application til geoUigicat research is local- 
ing oil and other minerals 

(ieologists and geophysicists ex ;^nim: chem- 
ical and physical pn»perties specmK'ns in 
laboratiiries under ciintrolled temperature and 
pressure Tbcs mav studv fossil remains t«i am 
mat ami plant life or experiment with the How of 
water and oil ihrougti nnks. L^iKuati^ry equip 
ment used includes insmiments such as the 
ra\ diffractometer. uhich determines the struc 
ture of minerals, and the pctrographic micrti- 
sctipe, used for close studv ot roi.k formaiions^ 

Besides ItKating resources and wi^rking in 
laKnatories, geologists, and geophj sjctsts also 
advise consrTuciiimci»in|ianies and government 
agencies m the suitabili!) tit pn^pt^sed Uva- 
turns for buildings, danis, or highways Some 
administer and manage reseatch and explora- 
tion pnigranis. 
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Ihk* ftckls irf |!c«ik>|!y ami gC4^ysk:!» 
thtsciy rcijicii hut fhcrc^arc dilTcrcncc^ 
Ikniii^iMs stmh ihc i0fitp«)sifit>ii, sffuftitfiv 
jmUiiHitiry <^ the i%uili'*> cryst Dtey tr>' to find 

has happcRcU Co them fhroughoui history. 
CkHtfihysKists um: the pnovifvlcs {^ysics am] 
ni;idhciiialfcs Ui study the earth s intcnui! cvm 
posiiiiHiK surface, ami atnnisphca^ and also 
vuri«>us fiiavs such as if* ma|!m*tK'. clecrft^al. 
and j!ravti;AiiHiat iicki« 

Ck'olg^isis and gctiphysiciMs usually spc 
vmIiav C#V#uf/i *Mi* smJy the si/c. shape, and 
^r.ivitathmal tieid ot the earth llHrir printifvil 
tusk IS to make \ery ptvcise mca^iureim'tits Un 
mappinf! Ihe earlh\ surface. H\drtflt*}^ht\ 
siud> the dtstrihutuHi. circuiatHm« (imi frtiysteai 
pri«perties i4 undergnninA and surface w^ts 
The) niay study the fonii dSMX mtensiiy \il |w- 
cipif;^HHi. lis rale of intihn^Kici into the sot!, 
ami its ictum lo the ivean and atmosphere 
Mtnt'Uih^i*t\i\ anaix/c ami classify jninerals 
and pKvttnis stofK*s avVinding to composilKHi 
and siru^'lurt* hihtmupiofiiMs study fifssils 
toumi m geoio^Mcal hwnialHms to tniee tfic evn- 
|utt%Mi of pl.uii ami aniiiial life Si'i\nh*tof!i%f\ 
\iud\ ami interpret data fn>ni seismogn^rfis. 
^hieh nwasure small nwneim:nis Ihe earth, 
ami iHhei mstrunwnf % to liHratc cortfHtuakes ami 
eanlH|uake l;nslts Strtitti^ntphvrs study tlu'dis- 
irilMition ami orran^enHrnt sedimentary nnrk 
layers by e^aminmi* ilurtr l(?ssil and mineral 
content \$t*Mfn>i4ff^tst% simKtinies an^ classj 
ticil as |!coph\ steal scientists tSee the s^e 
nienton iiietL^tHoloi^ists eiseuhere m ihe Hami* 

MtHt geok?^»sts and jieophysKists divide Ihcir 
litfK lvt^ei*n tieldv%ork am! office m laKui^orv 
%^4ifk While in Ihe tield. |!eologists i^ten trawl 

10 retm^e sites h\ fielicot^er m jeep and Ciiver 
lar|*e areas hy liHH t:xpliYratum ^'^ilogists and 
peophv Mcists i^ten m>rk owfsc is m m aMW^e 
aivas Wlvn Horkm|> (nilutiors. )!ei>h)|!isis 
arc in conifinlable. Hcil lighlei). %ieli vcnii 
Litcd oftices and tahoratimes 

l-4n|ikiymrnl 

l»etilo|!isis and j:eoph>Mcists held alfmist 
A^.m\ fiihs in IKertwo hlihs \%eir inoti 
ami jias ciHiipanies. and almttsi om* sixth wre 
m scrxKc lirtm. many «»f uhich are invt>l\vd in 

011 and gas e'^plorolnm. Mining! and quarrvini! 
conipames alMi empUiy many ^*«ik>^is|s and 
|!i-<»j^ysKisis Sell cninloyed i^Niltigisis hc\S 
afnMit t in ^ H'^^- priAtarily as nniustry and 
iLMAemnnrnt ctmsultants 

Ihe federal (iovcmnKrnt !mpUned aln^ist 
geologistv. gc4>pliysicfsis. gcodesists, 
ami hydrnl4>|?ists in AlnH>st two thirds 

uorkeii \ IX*partnH*nt vA iNr Intenor in the 
IVS (H^«h>^kal Survey, the Bua*4U <i Mim-s. 
ami the Hure',w ol KeciomatuHi (Mher f e^kral 
a|!encies that ^Miiploy geologtsCs anU 
geof^ysictsts include tfie tVpannK!nfs Dq 
lense. Agriculture, Commerce, and Hnergy 
Stale agencies also employ geologists and 
gco(4iysiessis. scmHr work m surveys in etn^r- 
a'.ion Hith Ihe l^S Cieological Survey 
Ckologfsts and geoph)%ieisls also wcni for 
mMipttfti tesearch insiitutums and museums 



Sofm- are enqiYko^ed hy AnKrrican firms mer 
seas \m varying pcri«Hls iif KmK. in addition, 
about 7,IHH| persons held geolngy and 
geophysics laLulty piisitnms m colleges and 
universities in I W2 tSce tlw st^cnu:nl ihi col 
lege and uniwrsity f acuity eise^lnni- m the 
HufhihiHtk.) g • 

lV»iaii«, Quirilificatkim, and 

A ti^^iK'h^'s (kgrc^ in gei»h»gy 4^ gc<»phy sie^ is 
adequiilt; for entry into some to%^er level 
ge4)lt^y }4*s. tnilWtter ft^s with gtHnl ad 
vameniem poienliaf usually retiuire at least a 
master's ifegive in geoUvgy geo|*ysK's f\-r 
Sims withsit\mgb»:kgnHinds iiit}4iysicN, nuith 
enu^ics. iff ciKnputer scieme also may qualify 
f4»r some gcoj^iysies ]tih>. A 1^ I) degree is 
essential Uw mrsi research positions 

IKvr SMI ctillcges ai^i universilhrs trffer a 
b;K:hel4?r \ degree in getikigy and aNnit 7S c\y\ 
k:ges ami uniUTsiites *.4fer a b^ftekn s degiee 
in get»f*ysi*:s, l>itK*r jm^rams t^tenng tram 
ing for beginning geophysutsis include 
geophysteui tcehm^k^. gct^ysical engimvr 
ing. geophysical prospecting, engineering 
getik»gy. pctr^ileum geok^y- ami getnles) 

More than 22tl univetMlK-s award a4i\anie4l 
ikgrc*es in gail4igy and aN^ui 7U unnersities 
grant ad\arKX'd tkgrees in ge^^ysKs 

CkHiiogisis and gei^) sicisfs need to txr able 
to work as jwt a team. Ibey shmild be 
curKHis. amilytieal. ami able !o c^Himtumcale 
efftvttvely Ihose involved m fK-ldwtirk nmsl 
ha\e physical stamina 

(krokigisis and geof>h\stt.isis usually begin 
their canrers n' field espkiratitm in as tesearch 
assistants in labi»ral«uies With espenetKv* 
fhey can he pnwuKed Iti jKofect leader, program 
manager, ih (Hm*r nutnagenKnit ami iVM-arch 
pi>situms 

Job OfitkMik 

l.mpknim'nl o( geiik»gists and gei»ph\ sicists is 
c ipeiied to gnm aNiul as fast as the average f *tt* 
ail oceupalHms ftif^nigh the mid I Wn s in ad 
ditum to iie^ )i)bs created by tm^reased demand 
f 4»r geok^isis« many ♦^•nmgs w ill arise ciu-h 
year as ge«d4)gists k'avv ifw <Kcup«tHW. refia', 
\H die 

i:ft«irts ,0 locale m*vi MHifces'4^ em"rg> as 
oliki situaes hecotm' exhausted will conltnue 
ti) siinnil^e dimK^MH* expk^aiRHi ;^*ti\ ities and 
create a mvd for nwny addilHvnal ;:e4>kigfsts. 
althinigh eiiplor^HHi i^'ti\ ity may %'ary iner the 
shtnt run dei^mfing 4m itK pnee ami iiemami 
ft>r oil CieokigisSs and get>pbysicists wlio h;ive 
kmmicdge and eiiperieme in ^e4^ysical oil 
ami gas expicYT^itm teefuiiques may experiem e 
Ixnier empUiyim*ni 4ippoftunitM:s than i^hers 
Addilioiui geiikigists and gcof^ysici^ts w«]I K- 
m*eded to disetn'er new mim'ral resinirces. lo 
ikrsise teetiiiH|ucs fin expktrmg dee}vr w ithin 
the earth s crust, ami to ik'vekY iiH^re ef iKient 
nKfihods mining . lltey aisci w lii tx: m*eded 141 
develop nuirc adequate water supplies and 
waste disposal methtHis; and t4i d4) site evalua 
\Hm Uh ctmstriiclUH) activities 

Median annual earnings (4 full linn* geokigists 
and geophysieists were ab4»ut $33,tXJ(> in'IVH2; 



thi* middk- 5<l percent eartKul K-twei*n 1i25.llf HI 
and S-MUKM) annually Acc*Hditig>» surveys 
ikme by the i Villege l^ac^i m-nt C\n»K il , giadu 
ales with ba^tK-kH s degiees ni |^ysh.al and 
earth siicnccs aveoevi awiage siaiimg infers 
4^ S2^.J«KI a year in iiiaduates with 

mavier s ilega-es in getik»g> aiKi lelated get> 
Jogicai Silences received avciagi' staiting idlers 
S^JMHI a year 

In the Ivdi-ral fHHetnment m early IW3. 
pe*»kigists ami ge4^*ti>sKists tiaving a bi^h* 
ek^'v degav 4/4Hjld begin at S I ^.3W4>r 1»lb.5«^*^ 
a \ear, copending \m iIk-ii e4illege rec4»rds 
Tht^se iraving a niastei *s d4.'fav could start at 
%n S20.25ii a \e4r. th**^* hiiving the 
111 I) iWgaY.atS24.MjNiHl»M.W In IW^. 
tlur average vat ii> f4ti gciikigists in tlie Federal 
(knctnim-nt was^ibtHii S V^.tftJti ^ yeai and f*>r 
ge«?f:^y sK'ists. at^tnit S^^.^tto a year. 

Kdsted OceupalHins 

Many ge4ikigisis and gC4i|>hy sk;sIs wtui m the 
petr4ileuui and natuial gas imlusUA 1 his indus 
ir> alsoempk>ys iiuny <KlK-r wmkers wlui are 
in\4t|\ed in tfie svHrniific ami leehnKal aspects 
4^ pelrok-um ami natuial gas cspkHafH^i and 
eivtractitm. including drafters, engitteenng 
technicians, labtiratorx asMsijnts <petmleum 
pr4Hlucti4KVi. peti4)leuiii engimvrs. and sur- 
\e\4»rs AImi K'ktied t4» the work 4^ ge4vlogtsts 
aiKl'gr4^ysivists aie i^h^r piiysical scKwe 
4Kcup;ift4Hissuch as physKists. clwmists. mete 
tmtk^gisis. and 4H'eamvgia{fliers as >%vll as math 
ematictans and C4miputer scientists 

SfHimrsi <if Addiliofittl liifm-m^km 

inforii}atu?i^4m training and career 4ipp*u 
lunilies tor ge4»logists i> available fnmi 

Ankfu^i'iei»l<»Ki4.il InsKiuu-. ^2^)2 I ccsburi: hke. 
lAU 1 hiUih. Va ::iMI 

lnl4Hinati4m 4111 training and career 4)ppor« 
tuittttes tor ge^^vsicisis is available fami. 

AnKnK»in CH'ii|ih%Mi»i( I ni«»n ?t>oo I ItWiJ \\< 
\W Wjstiingi<«n. IM* 2innN 

S^MCtv H l'%pk>fanon (n.i>phvsK iMs, Pt) Bm 
Mm, IuUj. m<U 74101 

hir ihkirmotuin imkI cik^ral (to\emmeiit ca- 
riVfs. i.^mt;Hi 

I S t>flK4 tH IVfMint^l NktiufrviiKm. IMIUM St 
NW, Wdistunpti*!!, \}i :<U|^ 



Meteorologists 



Nature of the Ubrk 

MeteiKology is ihi* siudv (»f tlw altmispherv, 
whicb IS ttie air that suiKniiuis tlie e.irth Mete 
4m)k»gisis fry Id umWrstand the iHmtvsplii're s 
{^ysical cfuractetistiis. nn»fKins. and pnt* 
cesses, ami detemitm* the way itw atmi>splH:re 
affects the a^si 4if tnir envlroj^"nl TIte fiest 
kmmn applic^t4>n ni this km>w ledge is in un- 
vkrstaridmg #ami f^irevasiing the weather 
. However, weather inf4»rmati4m and mete- 
4Hokigtcal research also is a{>piied m many 
iilher aa^as, such as air p<»lluthm omiml. fire 



pnrwntiun. apncultunr. mt am}»««a iransp^irui- 
tutn. and siuilyinK ta-nus tn \hc earth's climalc. 

Mcicomlogisis who Itncciisf ihe weather, 
known pntfcs\ionally as ufwnttumal or sxnap' 
IH metftttoiof^isis, arc the largest group irf spc- 
ctahsis in (his ticM. Iltcy study paM and cuni:ni 
weather inlornuition, such as air pa-ssurc, tern- 
perature. humidity, and wind vxitKity. and ap- 
ply |4iystcal and mathcmattcai reiatHnUitiips (o 
make short range and ttmg-range pftHJiciion;*. 
Their data eome from wvather salelhtes and 
i>bvetvers in many parts itf the wtirld. Ahhouph 
some toreea^^er^ still prepare and analyse 
weather maps, m^l data mm na* pkiticd and 
analyzed hy ciimputers 

Siime nietcim>logisis^ engage in basic and 
applied research hir e^^ample. phym al meie- 
orolitfiists stud; the chemical and phyMcat 
properties of the atmi^spherc . Tlwry dti research 
on the elf eel of the ainnisrhetx? i^n iransmissicm 
of light, sound, and radnij^aves. as well as 
study faclnrs atlecliag formation irf cloud.««. 
rain. smm. and other' weather phenomena. 
Other meteoroU^gists. kmiwn as ilimiitnloghts. 
sludy trcnds in climate and analyze past rccinds 
•m wind, raint>ilL sunshine, and temperature to 
detennine the general pancm of weather ihiA 
makes up an aa-a's climate. These studies are 
used li> plan heating and cmMing systems. <te- 
sign huiidmgs. and aid in etiective land utili/a- 
tion 

Working Conditionsi 

Johs tn wiather stations, nH>st nf which operate 
annind the cliKk 7 days a week, often involve 
night work and n>tating shifts. Most stations arc 
at a«rpi>rts or in or near cities; some aie in 
isiilated and remote aa'as Meteorologists in 
smaller weathei statnms generally w^vk akmc; 
in larger ones, they wurk as part of a team 

Kmptoymetil 

Meteorologists held about 3.7(11) fobs m \^H2 
In additum, .ibiiu! i.iHM) persons held mete- 
orology fucul!> p<^sKion\ m colleges ami uni- 
versities m I9H2 I See the statement on college 
and universits tacuhv elsewhea* in the HimJ- 

The largest employer ' civilian mete- 
orologists was the Nativmai Weather Service, 
where about worked al stations in all 

purls ot ihc I 'nncd Slates and in a small number 
of tt^rcign areas Ihe fX'partment tif IX^fcnsc 
employed almost 2it\ civilian meteorologists 
A tew worked lor State and local governments 
and tor nonpit^it orguni/ations 

In addition lu government, private weather 
cnnsuitin^ linns and radio and telcviMon sta 
tioiis employed many meteorologists Com- 
mcrcial airlines also employed meteorologists 
to toreeast weather abmg flight routes and to 
hne! pilots on atmospheric eonditions. Other 
meteorologists^ worked tor companies that de- 
sign and manuta^lurc meteorological instru 
ments or fur lirms tn aerosj>ate. engineering, 
utilities, and other imlusirtes 

In addition to civilian meteorologists, thou 
sands of meinhers of the Armed Forces did 
ftiacastmg and other meicor4>fogical work. 




Emptoyflwit of meieorc OQists is ©Kpected to gro^w more stowHy »ian me ovon^ ^ ocavatiw 
;; ^htt^mk]'i9W^ 



IVdiiiiiig, Other Qualification$«, and 
Advancement 

A bachelors degree with a major in mete 
oroUn y IS the usual mini^uim requirement fm 
beginning jobs in weather forecasting 
Howe ^er. empk^yers prefer to hire those w ith an 
advanced dega*e. and an advanced degree is 
inca'asingly r^ccsjoiry for pn)mi>tion. 

hn rescaah and college leaching and for 
man^ top level pi>siiions in other mete 
oittjogical ai'tivities, an advanced degree, pre- 
ferably in meteorology, is essential People 
with ;J:r^uaie degrees in other sciences als^» 
may ijualify if they have advanced courses in 
metcorolopy. physics, mathematics, and chcm 
istry 

In 1982. abi>ut 35 colleges and universities 
offered a bachelor's degnrc m meteorology or 
atmosphertc science; about 40 schools olfered 
advanced degrees Many txher institutums of- 
fered s<»me courses in meteorology Before se 
lecting a dega-c program m nKieoroUigy, stu 
dents should mvestigat.* the particular empha 
SIS t»f the pnigram. since many itK-teoroio^y 
progr ims are conibinv J with the study a 
related sc ienlihc of engineering held 

Bei^inning meteorologists ottcn start m jobs 
invoh'ing routine data collection, computation, 
or analysis hxpi'rienced meteon^logjsis may 
advance tii various supervisory or admin 
isUalive j*'bs. A few very well qualitied mctc 
urologists uith a backgri>und in business ad 
ministration may establish their own' weather 
consulting services, 



ERIC 
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Job Outlook 

l:nipl<i>ment of n^teoroli»gisti> is expected to 
grow ttrnvc slowly than the average In all oc- 
cupations ihmugh the mid-IWtrs. Little or no . 
gfxiwth in emplti)nH:i»t i\ expected in the Na- 
tiona! Weather Service, whah emph^s most 
meteorologists. Somr new ji^s will be created 
in private industry as oimpanies rxogni/c the 
value of having their 'iwn weather forecasting 
ind nKte*»ri»logtca! services but nxist tif the job 
openings in this very small ivcupation will 
arise f rom the need to a-pliKc \Y .»sc who change 
iKcupatfons. retire, i>r die H'rsons with an 
advanced degree m meietm^lngy should have 
the b»'s| |t>b pr^ispects 

Earning.s 

The average salarv lor meteorohigisis em 
ployed by the hederal (iovernment was 
$34.2tKhn IMK2 In early meteorologi^'s 
Ml the Federal Cio\ernHicni with a l>aihelor s 
tiegree and no experience received starting sal 
dues of %l V W or %lh.5fM a sear, depending 
on their cc^llege grades Those with a r aster's 
degree could start at Slb.f^.S^or $2i).2f^h. those 
with the Ph D degree, at S24.5(I8 or S29.r74. 
However, the Naiiona! Weather Service hired 
few pnjtessnma! level meteorologists in 1983: 
instead It hired meteorolugical technicians. 
iTH'sl at a siarimg salary o\ SI 3.369 (Jualitied 
meteori»)c»gical lechmcians m the National 
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Weather Scrvfic nwy evcmuully be pnnmHcd to 
pn4cHHHmal nictc^n\YU)g{!as. 

fMated Occupatkimi 

W\>rkcrs in tHhcr (Kcup^itioiis ainccincd with 
the phystcal cnvmmmcnt iiKiuiKr fWcst ccolo- * 
gists, foresters, geolopists, geophysictsts. 
iK:cuno|fntphcrN. ran|!e ntafia|!cr>. and soil con 
servatttwist> 

Sources of Additional informoiion 

InfomMtum on career t>pportunicics in mete 
onrftfgy IS availabk* Un 7^ cent^ from: 

AnKfican MctiMmliijsimi Siicicl>. 4-S kk'iit(in St . 
fU}\\m. Mass {\2\m 

* For fjicts aixiut job oppi>nunitiv> with the 
National Wcallnrr Ser\ic:c. cimtavt. 

Natr\nial Wcaihv r Sen tie, IVrvinm:! Seiium.Ciram 
aJi BWg . miNi Hfh St . SiUrr Spnn^< MU lif^W 



Riysicists 



(DOT (C^iifti OKI. ut4 m'uniy (ui ou. 



Nature of the Work 

The flight of the space shuttle, the i^curihry of 
advanced medical m^tainK-nts. and even the 
safely the frmily car tfepend on research by 
physicists. TTirough systematic observation ami 
cKpcrimentatum. physicists use mathematical 
terms to describe the structunf of the universe 
and the intemtion of matter and energy. Phys- 
icists also develop theories that describe the 



fundanK-ntal forces and laws ot natuie. iVtcr- 
mining the basic laws governing phettomenu 
such a$ gravity, electrxmiagnetism, and nuclear 
interactions leads tii discovenes and innova- 
tions that advance nuclear energy, electronics, 
communicators and aenispace technology, 
and medical instrumentation. 

Astfxmomy is usually considered ti subheld 
i4 physics. Astnmomcrs use the prmeiples iil 
physics and mathematics to ans^^vr questions 
about the fnndanKntal natua* the^universe. 
such as its imgin and history and the c%'olutuHi 

iIh: solar system. 

Most physicists work m research and de- 
velopment. Some do basic research to increase 
scientific knowledge. For example, they inves- 
tigate the structure of the atom or the natua* 
gravity. The equipment that frfiysicists design 
for their a*seaah can iH^ten be applicn! to inher 
aieas. For example, lasers (devices that amplify 
light and emit it in a highly directional, intense 
beam) are utilised in sui^ery; mKrowave de- 
vices arc used for ovens; and measurement 
techntqiKTs and instrunwnts can cktect the kind 
and number vt cells in blixid of the am(>unt of 
meaury lead in fcKxls. 

Many physicists conduct applied research 
and help deveU^ new devices, prifducts. ami 
pnvcsses. f\n instance, iheir kmiw ledge of scrl- 
sd-state physics led to tlu: development irf tran- 
sistors and then to the integratcni ciauits used in 
calculates and computers. A small number 
work in inspection, testing, quality c^>ntro!. and 
other prnducttim ielatedjifbs in industry. Some 
do c^^nsulting work. 

Almost ail aslmnonKr* do reseaah. Mcn»t ol 
tlH7ir time is spent analyzing Im^e quantifies 




Graduate tratntng in phys^ or a cfosaly related fiofd fs essential for most entry level jobs in physics 



of data collected by their ow n and ««hcrs ohser 
vations and wnting sctentitit papers on the a*- 
sults ol their research Most astf tmoniers spend 
only :i ^ew Htreks ait^h year making observa- 
tions uifh telescopes, radii. tck>copes. and 
4<her instrunHrnts ^sona* tn orbitnig suteliites) 
that can detect elcctrt)magnel!c radiation from 
distant souax's Owrary to the popular image, 
astmnomcrs alnnisf newr actually hH>k thaiugh 
a telescope tnrcause photographic and elec- 
tronic ladiation detecting cHjuipntent in unnv 
ellcctive than the human eye. 

Most physicists speciait/e in one oi tthw 
branches of the science -^'lemenlary particle 
physics: nuclear physics; atiKnie* eleclmn. or 
nnilecular physics; physics ivf condensed mat- 
ter, optics: acoustics: health physics; ptusnia 
physics: and the physics ol fluids. Some spe- 
cialize in a subdivision i»f one of these 
brunches. For example, subdivisions soUii- 
state f*ysics mclude superconductivity, crys- 
tallography, and semiconductors. However, 
since all physics invohes the saiTK* furidainen- 
tai pnncipies. se\erai specialties may overlap 
and in tlur ctiurse of their careers j*ysicists 
faquently switch fnom one subf ield to another. 

Growing numbers <if physicists aa- specializ- 
ing in fields such as biophysics, chemical phys- 
ics. and geophysics in which physics am^ a 
alated science aa combined. FurthemKire. i\fc 
l^actical applications f^ysicisis' wvrk in- 
creasingly have merged with engineering. 



>\orkinp CoiMlitkim 

Physicists generally work a'gular htnirs in labd 
ratiHies. ciassnxims, and *ifficcs Mmt phys- 
icists do not encounter unusual hazards in their 
w<irk. Astnwimers nho make observations 
may need to travel to observation facilities 
which are usually in ann^e locations and fre- 
quently work at nigh! 

Emirfoyn^t 

Riysicists held aimtisi IM.tKXl |obs in I9K2 In 
addstran. abirit an equal number ot pcrsims 
held (Aysics faculty pt)sitions m colleges and 
tfflivcrsitics. (Sec the statement khx coikrge and 
university fkuify elsewhea in the HatidifiHfk ) 
Private industry empltived almost two- thirds jit 
all non»:ademic physicists, pninanly in com 
panies manufitcturmg electrical cquipnu-nt. air 
craft and missiles. chernicaK. and svientilic 
instruments. Many others worked as re- 
scaahers in colleges and univcrsines. hospi 
tals. comtnercial laKiratoncs. antJ mdcpendcni 
ascarch organizations I hv Federal (iovcm 
nnrnt. mostly the IK'partmcnis ot JX'fense and 
Commeac. cmphived ab*>Uf y out of Id ph>s 
icisis 

Although physK »sfs arc cnip!o>cf! in all pans 
ol the country ihcu cniplovmcnl is greatest »n 
?ireas tnat have heav> indostnal conccnlral*iins 
and large college ami univcrsiiv enrollments 

IValninR* Other Quaiiflcatiuns, and 
Advancement 

Graduate training in plnsicsor .i clitst-lv rclaUd 
field IS ainrosi essential Im nmslciurs level jt^hs 
in physics and lor ad^anccfncnf 1 he divtoi aU* 
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usuafi) is Rr4|uin:ti for full t^uhy sfaHis ac loI- 
Icpcs and mtivcfsilics ami tt>r inJustnuI <ir gov 
cninK*m |i»bs udnnniMvnnt! reseat ch and dc 
vcUiptnciil programs A diKfcnalc is alst> iNr 
usual icquia*mcm for a job in astronomy 

Ihiisc havmg master s dcga-cs may quality 
tor some research |obs in private industry and m 
the f-ederal Ciuvemtm'nt as yM:\\ as tor icaehmg 
|obs in 2-year eolleges In universities, some 
teach and assist in rcseaah >*hilc studying tor 
Iheu l*h I) 

I hose having bau^Uir's degrees maj quahty 
h?r a tevv applied research and developnKnt 
jobs in private industry and m the Ix-deraRitn - 
cnmKnt Some are emplo>cd a^ research or 
teaching assistants m colleges and universities 
\*hi!e studying iot advanced degrees Mimv 
with undetgraduate physics degrees work in 
engmecnnp and iHher scientific fields <See 
statements on engineers, getilogists and 
gcophysfcists, pn^gramtncrs, and systems ana- 
lysts elscwhen: m the HufuihtHfk.) 

A!nH)st KIM) Lollcgcs and universities i>tter a 
bachelor s degree in physics The undcrpradu- 
ite program pnn ides a broad h;K:kgri>und m the 
seienct and serves as a base for later specializa- 
tion either m graduate scho*)! or on thr job 
Siime typical physics courses are metnanies, 
elcctromagnetism, eleoironics. optics, thcr- 
nKnlynamics, and atomic and rmilccular phys- 
ICS Sfuderts alsntake courses in chemistry and 
many ciuirses m mathematics. 

Abtiut colleges and universities offer 
advanced degrees in physics. In graduate 
schoi^l. the student, with faculty guidance, usu 
ail) wi»rks in a specific subfield physics 
Graduate students, espcciaMy candidates for 
Ph I) degrees, spend a lurge portion of their 
time conducting a^Ncarcn 

Abi»ui 50 univer %it:es off er the Ph J), degree 
m astrt>nomy These programs include ad 
vanced ciwrses m astn^nomy, physics, and 
mathematics Some schcHiIs a-quire thai gradu- 
ate students spend several months wcirkmg at ^n 
«>hservator> The usual quahficatiim for en- 
trance to a graduate prtigram in astronomy is a 
hacheli»r s degree in astronomy. ph>siLs. or 
mathematics uiih a physics minor 

Students plannmg a career in physics sht^uld 
have an mquisiti\e mind, mathematical ahilu>. 



and imagination ITiey <hi^uld K: able to work 
on their own, smce physicists, particularly m 
basic research. oHen leccisc onh limilcd super 
vision 

Physicists, especially (hi^se whti hiJid less 
than a 1^ D.. often begin their careers dicing 
routine Iah>ratory tasks After s«ime expen - 
ence. they are assigned nutre complex tasks and 
may advam^* to work as project leaders or re 
search directors Sonnr wcuk in top manage 
nient t*'bs Physicists who devc*lop new prtxl 
ucts or prtK«*sves sorturtimes !\irm their own 
companies or fi^n new timis to exploit their 
own ideas » 

iob Outlook 

Hniployment opportunities in physics are ex- 
pected to be giKxl thniugh iW5 for persiins 
with a diKti^rate in physics becmisc empUw- 
meni is pn>iet:tcHl to grow faster than the awr- 
age ft»r all occupations over Ihe period and the 
number trf graduate degases awarded annually 
in physics has been declining since 1970. 
However, perMins seeking jobs in astronomy 
aa* expected to continue to encounter competi- 
tion for tfw: small number irf available openings 
that will iK'cur thnnigh 1995 IX'spite the faster 
than average gniwth pr<tjtvted in this cKcupu- 
tion, most job openings w ill arise as physicists 
transfer to i^her iKcupations, retire, or die 

Many physicists wi»rk m research and de- 
veU>pment (R&1» Hie anticipated increase in 
R&D expenditures thnmgh 1995 should a^suh 
in increased employment f(>rphysieis»s. If actu- 
al R&D expenditure levels and paftems differ 
significantly from thi^se assumed, himevcr the 
outliKYk would be altered 

Some with advanced degrees m phvMcs uill 
be needed to teach in CM|le|:es and universities, 
but opp*>rtunilics w ill be better m prnaie indus 
try Since little empUiyment growth is expected 
in colleges and universities, most iipenmgs m 
(his area udl result from the need-to rcpliicc 
those whi> leave the iKcup*$tion 

Pcrs(»ns with only a bachelor s degree in 
physics are not qualified to enter n^i^st phy sicW 
jobs However, many uilh bachejof \ .iegfces la 
phvsics find tobs as enginwis. lechnu ians. si 
computer specialists Others beciuiie high 
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schi%}\ physics teachers. However, they an; usu- 
ally regarded as tcachcr> rather than as phy> 
ieisis (Scv the statement on secondary schiHit 
teachers cIscwhcR' in thii' Hmdhitak ) 

Median annual eaniings til full time physieu»ts 
wercjibi^ut S.VV(NK) in 1982; the middle 50 
pep.'cnt earned bet v "en aUiia S2K,IMK) and 
S45,0(R) annually 

According to an AriKncan Institute of Phys 
ics Survey of I9H2 degixre recipients, starting 
salaries for physicists m private industry aver- 
aged about $2b?5()0 tor those with a maker's 
degree and $34.(MK) for those with a Ph D. . 

iX'fKndmg on their ct>llege a%^irds, phys- 
icists w iih a bacheU^\ degR^e ciHild stun in the 
K'deral CnnemtiKnt in early 1983 at eithei 
SI3:3b9 or $16,559 a year. Bcglioning phys- 
ieists having a master's degnx cifuld start at 
Sift, 559 or S20,25(i. and those having the 
Ph D degree could begin at S24,508 or 
$29„174 Average earnings For al! f*ysicists in 
,fhe Federal GovemnKnt in I9K2 ^'rc $3H.40C) 
a year • ^ ^ 

Starting salaries for physics college and uni^ 
versity faculty with the Ph.D. averaged 
S2.3.(KK) in 19X2. according to the Amcncan 
Institute of Physics. (See the statement on col- 
lege and university teachers elsewhere in the 
HamifhHPk ) Many faculty physicists supple- 
ment their n^uLju^ inciimes by working a> con- 
sultants and taking on special reseaivh pft>|ccts 

Related Occupaltons 

Physics is closely njfeted other setentitic ik- 
eupaiums such as rhemistry. ge*)logy, and 
geophysics. b.ngiiKcrs and engineering and sci- 
ence technicians also use a kikwledge of the 
principles tifphysics in their work 

Sources iif Additional information 

(ieneral information orfcaax'r opportunitiesMn 
physics IS available from: 
AuKTuan InMilutc o1 Ri>su>. V^S l.asi 45!li St 
Si'^ Yiirl^, N V MKM7 

f t)r A pamphibi ct>ntaioing inlormation on 
careers in astnmomy and on schmils iiftermg 
irainmg m the held, send 25 cents to 
Df M*wr> Shipm^n. I d«'C4<ion OftHcr AnHni^an 
XsihiniMUK.it Si>ijct>. I nivirMt^ h1 IKIa^^afc. Ne^ 
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K you are someone who is ' 

^. involved in counceling others about job op0ortuniti8S, 

... thinking about a career, 

... contemplating a career change*, 

« 

... involved in education planning, 

... involved m wbrker training or displaced-worker retraining, 

... or simply interested in knowing about the world of work and how it is likely to change, 

you really ^should examine the Bureau's other two job outlook publications: 

«* • . 

, C^xuf^tkmal Outlook Hantflx>dk 

Probably the nfK>st widely used career resource; found In 9 out of 10 
secondary schools. Updated every 2 years, it describes what work^s do on 
the job, where they w6rk, how much they eam, the trainjng and education ^ 
they need, and job outlook for atxjut 200 occupations. 



Occui^atfnnai Outlook Quarteriy 

It helps lo ;»eep you informed about changing canser opportunities, and 
provides practical, "how-to-do-it" information on choosing and getting today's 
and tomorrow's jobs. 

If these publications aren't available in your local public library or high school 
media^center, you may want to purchase them for your own use. Here'^ how to do it; 





Enter my subscript on to Occupational Outlook Quarterly, $9. c « 

$ enclosed. : Charge to GPO deposit. Account no. ... 

Ctiarge to; MasterCard Credit Card No. _ . - 

Charge to: Visa Expiration Date . - . — 

Send order to Superintendent of .Documents. U.S. Government Printing Office. Washington. DC. 20402 Make checks 
payable to Superintendent of Documents. 

i 

Enter my order for Occupational Outlook Handbook. 

Hard cover $10. no _ -.. Paper cover $8,50. no Amount enclosed $ 

Charge to: MasterCard Credit Card No. Charge to GPO deposit 

Charge to: Visa Expiration Date - Account no _ 

Send order to BLS reglonul office or Superintendent of Documents, Government Printing Office, Washington, D,C, 
20<0<J. Make checks payable to Superintendent of Documents. Credit card orders to Syperintendent of Documents 
only. 

Name , _ . ... - 

Address ^ - . 



ERIC 



city, state, and Zip Code 
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